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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lead-free resistor paste, which is capable of 
having very superior TCR characteristics without being loaded with a large amount of TCR 
adjusting agent, a thick-film resistor formed of the resistor paste, and a circuit board 
equipped with the thick-film resistor. 

SOLUTION: A lead-free resistor paste contains a lead-free glass composition, a lead-free 
conductive material, W03, and a vehicle. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Resistive paste characterized by containing the glass constituent which does not contain 
lead, the conductive ingredient which does not contain lead, W03, and a vehicle. 
[Claim 2] Resistive paste according to claim 1 with which said glass constituent is characterized by 
doing 0.1-45 volume % content of ten to 90 volume %, and said W03 for 9.9 to 89.9 volume %, and 
said conductive ingredient. 

[Claim 3] Resistive paste according to claim 1 or 2 characterized by said glass constituent being a 
glass constituent which uses one or more sorts of B-2s 03 and Si02 as a principal component. 
[Claim 4] Resistive paste given in any 1 term of claims 1-3 to which said glass constituent is 
characterized by containing one or more sorts of the barium oxide, a calcium oxide, sodium oxide, 
an oxidization potassium, lithium oxide, magnesium oxide, a strontium oxide, oxidization ****, a 
zinc oxide, and manganese oxide. 

[Claim 5] Resistive paste given in any 1 term of claims 1-4 to which said conductive ingredient is 
characterized by being the multiple oxide of Ru02 or Ru. 

[Claim 6] the multiple oxide of said Ru - Bi2Ru 207, CdBiRu 207, NdBiRu 207, BilnRu 207, 
Bi2IrRu07, GdBiRu 307, and BaRu03, BaRu04, SrRu03, CaRu03 and Co2 - the resistive paste 
according to claim 5 characterized by being Ru04, LaRu03, or LiRu03. 

[Claim 7] Resistive paste given in any 1 term of claims 1-4 to which said conductive ingredient is 
characterized by being Sn02, LaB6, a Pd-Ag alloy, Pd, CoCr04, NiCr04, SiC, TaC, CaB6, BaB6, 
SrB6 and YB6, Ta2N, Ta205, TiSi2, VSi2, CrSi2, TaSi2 and MoSi2, or WSi2. 

[Claim 8] The thick film resistor characterized by being formed in any 1 term of claims 1-7 using the 
resistive paste of a publication. 

[Claim 9] The circuit board characterized by having at least one thick film resistor according to 
claim 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circuit board which has resistive paste, the thick 

film resistor formed using this resistive paste, and this thick film resistor. 

[0002] 

[Description of the Prior Art] After resistive paste mainly consists of a glass ingredient for giving 
affinity in order to adjust resistance generally, a conductive ingredient, and a vehicle and prints this 
on a substrate, when it calcinates, a thick film resistor is formed. 

[0003] Conventionally, much resistive paste is the paste which the glass of a lead oxide system is 
used as a glass ingredient, and the compound of ruthenium oxide, or this ruthenium oxide and lead is 
used for it as a conductive ingredient, respectively, therefore contained lead. 

[0004] Since it is not desirable from a viewpoint of environmental pollution to use the resistive paste 
which contained lead like for **, research is made about a lead free-lancer's thick film resistor paste, 
and the proposal is made (JP,8-243342,A). 
[0005] 

[Problem(s) to be Solved by the Invention] However, the resistive paste which constituted the 
conductive ingredient and the glass ingredient from a lead free-lancer in this way has the problem 
that the absolute value of the temperature coefficient (TCR) of the resistance will become 
remarkably large. For this reason, although adding many various TCR regulators, such as a metallic 
oxide, and aiming at TCR reduction is performed, it is difficult to lower TCR to the value which can 
fully be satisfied. Moreover, since the TCR regulator generally used is a minute amount or various 
regulators are used for it, the addition control is very difficult for it being not only dramatically 
difficult, but mixing to homogeneity. Consequently, manufacture is difficult and possibility of 
dispersion of being generated was in the property with the product. 

[0006] Therefore, the object of this invention is to offer the circuit board which has the resistive 
paste of the lead free-lancer by whom a very good TCR property is acquired, the thick film resistor 
formed using this resistive paste, and this thick film resistor, even if it does not add many TCR 
regulators. 
[0007] 

[Means for Solving the Problem] According to this invention, the circuit board which has the 
resistive paste containing the glass constituent which does not contain lead, the conductive ingredient 
which does not contain lead, W03, and a vehicle, the thick film resistor formed using this resistive 
paste, and this at least one thick film resistor is offered. 

[0008] Even if it is a lead free-lancer's resistive paste, a TCR property is dramatically improved by 
containing W03. Since the TCR value which can be satisfied even if it does not carry out variety 
addition of the TCR regulator can be acquired, inconvenience which manufacture becomes easy, and 
electrical characteristics vary for every product and becomes unstable does not arise. 
[0009] It is desirable that 0.1-45 volume % content often to 90 volume % and W03 is done [ the 
glass constituent ] for 9.9 to 89.9 volume % and a conductive ingredient. In this invention, although 
not restricted especially about the content of W03, it is more desirable that it is this range. 
[0010] It is desirable that a glass constituent is a glass constituent which uses one or more sorts of B- 
2s 03 and Si02 as a principal component. 
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[001 1] Containing one or more sorts of the barium oxide, a calcium oxide, sodium oxide, an 
oxidization potassium, lithium oxide, magnesium oxide, a strontium oxide, oxidization ****, a zinc 
oxide, and manganese oxide also has a desirable glass constituent. 

[0012] The conductive ingredient of it being the multiple oxide of Ru02 or Ru is also desirable, in 
this case, the multiple oxide of Ru - Bi2Ru 207, CdBiRu 207, NdBiRu 207, BilnRu 207, 
Bi2IrRu07, GdBiRu 307, and BaRu03, BaRu04, SrRu03, CaRu03 and Co2 - it is more desirable 
that it is Ru04, LaRu03, or LiRu03. 

[0013] The conductive ingredient of it being Sn02, LaB6, a Pd-Ag alloy, Pd, CoCr04, NiCr04, SiC, 
TaC, CaB6, BaB6, SrB6 and YB6, Ta2N, Ta205, TiSi2, VSi2, CrSi2, TaSi2 and MoSi2, or WSi2 is 
also desirable. 
[0014] 

[Embodiment of the Invention] In 1 operation gestalt of this invention, resistive paste is generated 
from the glass frit of 9.9 which does not contain lead - 89.9 volume %, the electric conduction 
particle of 10 which does not contain lead - 90 volume %, W03 of 0.1 - 45 volume %, and the 
vehicle that is distributing these in a medium. Although there is no limit especially about the content 
of W03 for improving a TCR property substantially, even if it is a lead free-lancer's resistive paste 
by containing W03 of the above amounts, TCR becomes less than [ **120ppm/degree C ], and a 
TCR property is improved dramatically. Thus, since sufficient TCR value can be acquired even if it 
does not add a TCR regulator, manufacture is easy, and dispersion for every product is lost to 
electrical characteristics, and it is stabilized in them. 

[0015] Although there will be especially no limit in the presentation if a glass frit is a lead free- 
lancer, it is desirable that it is glass which uses one or more sorts of B-2s 03 and Si02 as a principal 
component. 

[0016] This glass Silica glass, borosilicate glass, manganous silicate glass, manganese borate glass, 
Borosilicate manganese glass, silicic acid barium glass, boric acid barium glass, Borosilicate barium 
glass, calcium silicate glass, boric acid calcium glass, Borosilicate calcium glass, specific silicate 
glass, sodium borate glass, Borosilicate sodium glass, potassium silicate glass, boric acid potassium 
glass, Borosilicate potassium glass, silicic acid lithium glass, boric acid lithium glass, Borosilicate 
lithium glass, magnesium silicate glass, magnesium borate glass, They are borosilicate magnesium 
glass, silicic acid strontium glass, boric acid strontium glass, borosilicate strontium glass, silicic acid 
**** glass, boric acid **** glass, borosilicate **** glass, silicic acid zinc glass, zinc borate glass, or 
borosilicate zinc glass. Moreover, these glass may be mixed and used. 

[0017] Before baking, the glass frit of this presentation is amorphous and may crystallize by baking. 
[0018] Although especially a limit does not have it, the mean particle diameter of this glass frit has 
desirable about 5 micrometers or less, if screen-stencil nature is taken into consideration. 
[0019] If an electric conduction particle is a lead free-lancer, there will be especially no limit in the 
presentation. For example Ru02, Bi2Ru 2Q7, CdBiRu 2Q7, NdBiRu 207, BilnRu 207, Bi2IrRu07, 
GdBiRu 307, BaRu03, BaRu04, SrRu03 and CaRu03, Co2Ru04, LaRu03, LiRu03, Sn02, 
LaB6, a Pd-Ag alloy, Pd, CoCr04, NiCr04, SiC, TaC, CaB6, BaB6, SrB6, YB6, Ta2N, Ta205, 
TiSi2, VSi2, CrSi2, TaSi2 and MoSi2, various Ru compounds and other conductive compounds of 
WSi2 grade, or various alloys can be used. What uses one or more sorts of Ru02 and BiRu 207 as a 
principal component especially is desirable. 

[0020] The mean particle diameter of an electric conduction particle is desirable in respect of the 
point that that it is about 0.05-1.0 micrometers makes distribution of the particle of a under [ a paste ] 
good, and it makes the fluidity of resistive paste good, and noise figure. 

[0021] As long as the final gestalt in resistive paste is set to W03, the tungsten made to contain may 
be what kind of thing, for example, may be one or more sorts of W, WO, W02, W03, WC, and 
W2C. Moreover, W03 can be added to glass creation time, and effectiveness with the same said of 
considering as a glass component can be acquired. 

[0022] As a vehicle, although binders, such as ethyl cellulose, a polyvinyl butyral, methacrylic resin, 
and butyl methacrylate, and solvents, such as terpineol, butyl carbitol, butyl carbitol acetate, acetate, 
toluene, alcohol, and a xylene, are used, various kinds of dispersants, an activator, a plasticizer, etc. 
are suitably chosen according to an application. 

[0023] Moreover, although TCR property just with sufficient addition of W03 can be acquired, 
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various metallic oxides, such as an oxide which consists of an element of a transition-metals group if 
needed, and an oxide which consists of an element of a type metal group, may be added for the 
object of a TCR regulator or others. 

[0024] The electric conduction particle powder and glass powder of a presentation like the above- 
mentioned are created, respectively, and resistive paste carries out weighing capacity of these with a 
vehicle, it is mixed and kneaded and is obtained. 

[0025] What is necessary is to screen-stencil resistive paste on the substrate, and just to calcinate at 
the temperature of about 850 degrees C, in order to form a thick film resistor on a substrate. 
Substrates may be an alumina substrate, an A1N substrate, other monolayer substrates, and a 
compound substrate, and may be multilayer substrates. A thick film resistor may be formed not only 
in the exterior of a multilayer substrate but in the interior. 
[0026] 

[Example] A concrete example explains this invention to a detail more below. 
[0027] While changing volume % of a conductive ingredient and a glass ingredient mutually, the 
resistive paste sample when not adding with the case where W03 is added was created, respectively, 
these could be burned on the alumina substrate, the thick film resistor was created, and electrical 
characteristics were measured. 

[0028] Bi2Ru 207 was used as a conductive ingredient. As a glass ingredient, the glass constituent 
of 2:13 % of the weight of SiO(s) was used ZnO:65 % of the weight and B-203:22% of the weight. 
[0029] Weighing capacity of 20Bi3 powder of the specified quantity and the Ru02 powder was 
carried out so that it might be set to creation Bi2Ru 207 of a conductive ingredient, and it mixed and 
dried with the ball mill. After holding the temperature of temperature-up Perilla frutescens (L.) 
Britton var. crispa (Thunb.) Decne. for the powder obtained by this mixing to 900 degrees C at the 
rate of 300 degrees C/hr for 10 hours, the powder of 20Bi2Ru7 compound was obtained by cooling 
to a room temperature (25 degrees C) at the rate of 300 degrees C/hr. 

[0030] Specified quantity weighing capacity of the creation ZnO of a glass ingredient and the 
powder of B-2s 03 and Si02 was carried out, and it mixed and dried with the ball mill. The powder 
obtained by this mixing was quenched and vitrified by carrying out underwater dropping, after 
holding the temperature of temperature-up Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. 
to 1500 degrees C at the rate of 300 degrees C/hr for 1 hour. The ball mill ground the obtained 
vitrification object and glass powder was obtained. 

[0031] Resistive paste was obtained like creation **** of resistive paste by carrying out weighing 
capacity of the powder of 20Bi2Ru7 created compound, glass powder, W03 powder, and the 
organic vehicle with which resin becomes by ethyl cellulose and a solvent becomes by terpineol so 
that it may become each presentation, mixing with a stone mill vessel, and kneading by 3 more roll 
mill. 

[0032] The predetermined configuration was made to screen-stencil and dry Ag-Pd conductive paste 
on creation of a thick film resistor, and the alumina substrate of 96% purity of electrical- 
characteristics measurement. Ag in Ag-Pd conductive paste was 85 % of the weight, and Pd was 15 
% of the weight. It put into the belt furnace, and from the charge to blowdown, it could be burned by 
the pattern of 1 hour and this alumina substrate was carried out. Baking temperature made 10 
minutes the holding time of 850 degrees C and the temperature of those. 

[0033] Thus, the predetermined configuration was made to screen- stencil and dry the resistive paste 
created like the above-mentioned on the alumina substrate with which the conductor was formed, 
subsequently, a conductor — resistive paste could be burned on the same conditions as printing, and 
the thick film resistor was obtained. 

[0034] The electrical characteristics, i.e., the sheet resistance, and the TCR property of this thick film 
resistor were measured. TCR is related with the change in resistance from 25 degrees C to -55 
degrees C — cold — it is related with TCR and the change in resistance from 25 degrees C to 125 
degrees C -- hot — TCR was measured. 

[0035] The measurement result is shown in a table 1. in addition, the TCR value indicated to a table 
1 is cold — as hot as the absolute value of TCR — it is the value of the larger one of the absolute 
values of TCR. Moreover, the number of samples in each presentation is 10. 
[0036] 
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[0037] case it made W03 contain from a table 1 — not making — as compared with the case, the 
TCR value is improved dramatically [ ppm / // or less / degree C and / **120 ]. Therefore, by 
containing W03, even if it is a lead free-lancer's resistive paste showed that the TCR value which 
can be satisfied even if it does not carry out variety addition of the TCR regulator could be acquired. 
[0038] Although not restricted especially about the content of W03, it is desirable that 9.9 to 89.9 
volume % and a conductive ingredient are [ ten to 90 volume % and W03 ] the range carried out 
0.1-45 volume % content for a glass ingredient. 

[0039] This invention cannot be shown in instantiation, and all of the operation gestalt and example 
which were described above cannot show it restrictively, and they can carry out this invention in 
other various deformation modes and modification modes. Therefore, the range of this invention is 
specified by only a claim and its equal range. 
[0040] 

[Effect of the Invention] As explained to the detail above, even if it is a lead free-lancer's resistive 
paste according to this invention, a TCR property is dramatically improved by containing W03. 
Since the TCR value which can be satisfied even if it does not carry out variety addition of the TCR 
regulator can be acquired, inconvenience which manufacture becomes easy, and electrical 
characteristics vary for every product and becomes unstable does not arise. 
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